TOTAL CEMENTATION

219

by carburizing pure wrought irons without melting them, and therefore the
cause of the survival of this industry.1

As regards the state in which the carbon is present in the cemented steels,
I reproduce the following data, reported in part by Ledebur2 and in part by
Thallner.3

No.
	Quality and source of cemented steel
	Hardening carbon, percent.
	Carbide carbon, percent.
	Annealing carbon, percent.
	Total carbon, percent.

I
	Steel from the Bismarckhutte with very
	0.66
	0.82
	
	1.48

2
	coarse grain (Thallner). Steel   from    the   Bismarckhutte   with
	O.6o
	0 82
	
	1.4.2

3
	coarse grain (Thallner). Steel from the Bismarckhutte with fine
	0.74.1?
	o. 76s
	
	I. ^1

4
	grain (Thallner). Id.,  (Thallner) ...........          ......
	o 68
	o 6^
	
	I. 31

5
	Steel from the Bismarckhutte with very
	O. <4.
	o .4.7
	
	I .OT

fi
	fine grain (Thallner). Steel from Remscheid (Ledebur) ........
	O.IO
	O.Q7
	0.04
	I. 2O

7
	Swedish steel (Ledebur) ...        ........
	O  4.2
	I ,O7
	
	1 .40


	
	
	
	
	

It is seen from these data that cemented steels of these types do not con-
tain annealing carbon (except traces in No. 6), a fact which accords well with
their very low silicon content. The relation between the quantity of
hardening carbon and that of carbide carbon depends naturally on the ther-
mal treatment to which the steel has been subjected. Thus, from the num-
bers of the preceding table, it follows that while Steel No. 6 has been allowed
to cool slowly in the boxes below the temperature of hardening (first critical
point), the others have been removed from the boxes while they were still
red hot and then suddenly cooled.

As I have already said, it is seldom that the cemented bars are used
directly,4 on,the one hand because of the "blisters" and on the other on
account of the non-homogeneous distribution of the carbon which ordinarily
results from the process of cementation. The maximum differences in car-
burization are observed between the ends and the central parts of the bars,

1The investigations of Boussingault, already referred to (see p. 23), would show that
cementation, carried out under the conditions usual in industry, reduces the sulphur
content in the iron treated; a reduction which may sometimes amount to as much as 80%
of the initial sulphur content. According to the same investigations, the phosphorus
and silicon contents, on the contrary, undergo a very slight increase, which may be
attributed to the action of the ashes of the wood charcoal used as cement. It is a question,
however, in these last two cases, of phenomena which, owing to their very small extent, have
no practical importance.

2 Handbuch der Eisenhuitenkunde, 4th edition, p. 1085.

3 Stahl und Eisen, 1899, II, p. 914.

4 Cemented bars, subjected to only a simple forging or rolling, constituted for a long
time the material most commonly used for the manufacture of springs.    English manu-
facturers, in fact, called the material thus obtained spring steel.